Airway management is one of the core skills of the anaesthetist and various techniques of airway management have developed over many years. Initially, the only view of the glottis that could be obtained was an indirect view (indirect laryngoscopy). Late in the 19th century, a direct view of the glottis was obtained via various direct laryngoscopes. Currently, in the early 21st century, there has been a return to indirect laryngoscopy via videolaryngoscopy using a videolaryngoscope. The aim of this paper is to give a historical overview of the development of both direct and indirect laryngoscopy.
Airway management is one of the core skills of the anaesthetist, either via facemask ventilation, insertion of a laryngeal mask airway, endotracheal intubation by direct or indirect (video-assisted) laryngoscopy or by use of a fibrescope. Laryngoscopic endotracheal intubation often requires the use of adjuncts such as a gum elastic bougie or stylet. Anaesthetists may also be required to perform a cricothyroidotomy or an emergency tracheostomy.
Elective intubation was only possible from the late 19th century. Prior to this, the only method of securing an airway in a patient in respiratory distress was via a tracheostomy. Alexander the Great (356-323 BC) reportedly performed an emergency tracheostomy on a soldier suffocating from an aspirated bone and reference to surgical tracheostomy can be traced back as far as the Bronze Age 1,2 .
'Laryngoscope' is a generic term for a device that is used to visualise the larynx 3 . The laryngoscope was initially a tool developed solely for the otorhinolaryngologist. In the early 20th century, advances in anaesthesia made the laryngoscope and the skills to successfully use it essential for the anaesthetist 4 .
Anaesthesia textbooks prior to the 1940s described three main methods of intubation: blind tactile intubation, blind nasal intubation and intubation using direct laryngoscopy. However, the majority of anaesthetists struggled to expose the glottis of unparalysed patients prior to the discovery and use of curare by Griffith in 1942. Any attempt at intubation before 1942 required 'deep' planes of anaesthesia 5 . In this review, we aim to highlight the development of laryngoscopes and laryngoscopy.
Visualising the larynx: earliest history
It is probably impossible to identify the originator of any specific airway management technique or airway tool. However, many of these have recurred periodically for almost 4000 years. Hippocrates (460-380 BC) was one of the first to describe tracheal intubation to support ventilation. Later, the Muslim philosopher and physician Avicenna (980-1037 AD) described tracheal intubation using "a cannula of gold or silver" 4 . Dental mirrors of highly polished metal were used to examine the oral cavity during the time of the Roman Empire 6 .
In the seventh century, the Byzantine physician, Paul of Egina, described an instrument called the 'glossotrochus'. It was a polished steel blade used as a tongue depressor, held in place by a horseshoe-shaped attachment fastened under the patient's chin. Its purpose was to provide illumination of the fauces 7 .
In 1543, Andreas Vesalius, who was a professor at the University of Padua at the time, described an instrument for intubation in his work 'De Humani Corporis Fabrica Libri Septem' ('On the fabric of the human body') 8 .
In 1743, André Levret, a French obstetrician, devised a gynaecological speculum. He also described how to use the speculum with a snare to remove choanal polyps 9 however, it had limited use because of the lack of a light source 6 . The lack of illumination for examination of body cavities hindered the development of laryngoscopy. Following Levret's speculum, another obstetrician, Benjamin Pugh, used an airpipe for neonatal resuscitation 10 .
In 1807, a German, Dr Philipp von Bozzini, described the "Lichtleiter" or light conductor 11 , which consisted of two parallel tubes with mirrors. The light source was a candle, housed in the hollow handle and attached to a speculum.
One tube (or channel) was used for illumination, while the other channel was used for visualisation. This device allowed Bozzini to view the nasopharynx, hypopharynx and larynx in cadavers. However, no mention was made of whether the interior of the larynx could be viewed and records of its use in clinical practice do not exist. The instrument itself was large (33 cm long and correspondingly wide) and, hence, was not easy to handle. Bozzini's work was condemned, particularly in Vienna, which ironically later became the leading centre for laryngology. However, he was the first to introduce the idea of an external light source for illumination during examination of a body cavity 1,6,12 . In 1829, Dr Senn of Geneva made a small mirror, which could be placed at the back of the pharynx to view the glottis 13 , but he abandoned it later because he said it was impractical to use 7, 14 .
From glottiscope to laryngoscope
It is debatable as to who was the first to develop the precursor to the modern laryngoscope, Benjamin Guy Babington or Manuel García II. Rather than enter the debate, a brief overview of the work of both pioneers is presented here.
Benjamin Guy Babington (1794-1866)
Benjamin Guy Babington ( Figure 1 ) presented his laryngoscope (he called it a 'glottoscope', which sometimes is referred to as the 'glottiscope') to the Hunterian Society in 1829 and, at the same time, published a report describing it in The London Medical Gazette, vol 3:555 6 . The 'glottoscope' consisted of a speculum to displace the tongue (a tongue depressor) and a system of mirrors to visualise the larynx, with sunlight for illumination. It was the first device to use retraction of pharyngeal and supraglottic tissues to obtain a better view of the laryngeal inlet 3 . The patient was seated with his back to the sun and the physician held a flat or plane hand mirror in the left hand, reflecting the sun's light to the back of the patient's pharynx. The spatula with an attached mirror was introduced with the right hand. Unfortunately, the original instrument has now vanished. Although Babington was able to view the larynx, there was no reference concerning observation of the vocal cords. He failed to publish any clinical papers that described practical use of the instrument in laryngoscopy.
There were only two papers published concerning Babington using his 'laryngoscope'. One by a Dr Gibb 15 , who described a personal account of Babington performing laryngoscopy on him, and another in 1864 by Mackenzie 16 , entitled 'A description of the first laryngoscope as invented and employed by Dr Benjamin Babington in the year 1829' 4, 6, 17 . The term 'laryngoscope' appears to have been used for the first time by Dr Thomas Hodgkin (famous for Hodgkin's disease and a colleague of Babington) 14 .
Manuel Patricio Rodríguez García (1805-1906), aka Manuel García II
Manuel García II was considered to be the first individual to view the functioning glottis in its entirety 4 . In 1881, in a paper called 'Physiological Observations on the Human Voice', presented at the Seventh International Congress of Medicine held in London 17,18 , García described the action of the vocal cords during inspiration and vocalisation and production of sound in the larynx 6 . García claimed that he was not only the first to describe a technique of laryngoscopy, but also the first to evaluate the physiology of the larynx. This claim led to the controversy over who was the first to devise a means of viewing the larynx 1 . Because García was non-medical, it was presumed that he was unaware of Babington's 'glottoscope'. In fact, the majority of the medical profession at that time was also unaware of it. It is not known whether Babington was cognisant of García's claim even though he was a member of the Royal Society's Council.
In the intervening years of Babington's and García's inventions, there were sporadic references to developments in clinical laryngoscopy. Dr M. Baumes of Lyons mentioned laryngoscopy as being useful in his practice (1838) 19 . A Scottish surgeon, Robert Liston, described a similar instrument, "a glass such as is used by dentists, with a long stalk" 19 . Dr Warden of Edinburgh, Scotland, employed a glass prism and reported two cases in which he had "satisfactory ocular inspection of diseases affecting the glottis" (1845) 19 . Mr. Avery, a Londoner, was the first to design a head mirror that concentrated candlelight to allow the viewing of the larynx through a device that was quite similar to that described by Bozzini 6,19 .
The 'Turckish war' on laryngoscopy in clinical practice: Turck versus Czermak
In 1857, Dr Ludwig Turck of Vienna unsuccessfully tried to apply García's method of laryngoscopy into his clinical practice at the Vienna Hospital. He first tried laryngoscopy on cadavers, then on himself and, finally, on his patients. However, his attempts failed because sunlight proved to be an inadequate light source. He temporarily abandoned any further effort 6, 12, 20 .
In November 1857, Professor Johann Nepomuk Czermak of Budapest ( Figure 2 ) perfected a system for laryngoscopy, which incorporated a system of mirrors that had been used by Turck, into clinical practice. He substituted a brighter artificial light source for sunlight and was able to focus the light by using a concave ophthalmic examining mirror. At first, the mirror was held between his teeth to focus the reflected light to the posterior pharynx. Later, a hole was made in the mirror, enabling direct vision on the pharynx 8 . He published his findings in March 1858 in the Wiener Medizinische Wochenschrift 21 and deserves the credit for being the first to successfully use laryngoscopy clinically 6 . He made this claim to the Society of Physicians on 9 April, 1858. Czermak was also probably the first to employ external laryngeal counterpressure to the thyroid cartilage while performing indirect laryngoscopy to improve laryngeal exposure 22 . It is known today as the 'BURP' (Backward Upward Right Pressure) manoeuvre to improve laryngeal view with a conventional blade during endotracheal intubation 3 .
Despite the success of Czermak's work, Turck claimed to be the first to use laryngoscopy clinically, however, his claim lacked documentation. On 14 April, 1858, Czermak acknowledged Turck's claim, but withdrew this acknowledgment in subsequent publications. This started the dispute between Turck and Czermak nicknamed "the Turckish war" 1 . The French Academy of Sciences was unable to decide who was correct and so divided a medal between them 7 . Publications and counter-publications followed [22] [23] [24] 
From indirect to direct laryngoscopy
In 1852, Horace Green reported the first direct laryngoscopy in a child with intermittent airway obstruction. His paper was entitled 'On the Surgical Treatment of Polypi of the Larynx, and Edema of the Glottis' 25 . Green used a bent tongue spatula, and sunlight for illumination while the patient was facing him. This paper was relegated to obscurity despite the fact that the field of laryngology developed later that decade 3, 26 .
Alfred Kirstein
The first direct laryngoscopy is often attributed to Alfred Kirstein in 1895. Kirstein may have been motivated by the interest in direct visualisation of the vocal cords because of Kaiser Frederick's death from laryngeal cancer in 1888 4, 27 . It took many years following the introduction of indirect laryngoscopy for Kirstein to develop a direct laryngoscope due to lack of an appropriate light source. Once an adequate light source was designed, various endoscopes were developedfirstly bronchoscopes, followed by gastroscopes, cystoscopes and laryngoscopes 1 .
It is thought that Kirstein developed direct laryngoscopy following an accidental tracheal intubation by one of his colleagues while trying to perform an endoscopic oesophagoscopy. Kirstein then developed his 'autoscope' 4 . Because the laryngoscope was synonymous with the laryngeal mirror, he carefully named his method "autoscopy" to avoid controversy 3, 27 . His autoscope had an external electrical light source 2 . He carefully reported his technique and instrumentation, detailing the ideal head and neck position (sniffing), as well as the vector forces required for successful laryngeal exposure. As a result, Kirstein has become known as the pioneer of direct laryngoscopy 3 . 
Chevalier Jackson
Chevalier Jackson (Figure 3 ), Professor of Laryngology at Jefferson Medical College in Philadelphia, Pennsylvania, was the first to describe the combination of direct visualisation of the larynx with endotracheal intubation. In 1903 he designed his first laryngoscope, a U-shaped tubular instrument with a spatula and a tubal handle 28 . His original laryngoscope required the use of a headlight, but later he designed a laryngoscope blade with a distal light source rather than the proximal design used by Kirstein. Distal illumination was crucial for effective use of his laryngoscope because of the lateral approach through the oral cavity and oropharynx. Previous spatula laryngoscopes were placed in the midline and vallecula using headlight illumination 4, 26 .
Jackson initially performed direct laryngoscopy as Kirstein had described it, with the patient in the sitting position, the neck flexed at the chest and the head extended at the occipital joint. Jackson later (at the beginning of the 20th century) introduced supine direct laryngoscopy with the head raised by an assistant (Boyce). Kirstein's position was therefore achieved in the supine patient. Jackson believed that raising the head was an extremely important manoeuvre for successful direct laryngoscopy and that the assistant's role of maintaining the head and neck position was crucial. He honoured his assistant by naming the position the Boyce-Jackson position 3,26,29 .
The development of today's laryngoscopes and lateral approach were dependent on Jackson's introduction of distal illumination. Jackson published his work in 1913 in an article entitled 'The technique of insertion of endotracheal insufflation tubes' 4, 26, 30 .
Over the next two decades, Jackson designed a number of laryngoscopes, experimenting with a variety of shapes. Another important feature of Jackson's laryngoscopes was the ergonomic handle. Significant force was often required for direct laryngoscopy because it was done by means of local anaesthesia. A comfortable handle was critical to maintain the exposure, especially for long procedures and for patients with difficult airway anatomy 26 . The techniques used today still owe much to Jackson and Boyce 1 .
Henry Harrington Janeway
Henry Harrington Janeway (Figure 4) , an American anaesthetist practising at Bellevue Hospital in New York in 1913, was the first anaesthetist to publish on direct laryngoscopy. In the same year Chevalier Jackson had published his article, Janeway published his paper entitled 'Intratracheal anaesthesia from the standpoint of the nose, throat and oral surgeon with a description of a new instrument for catheterizing the trachea' 31 . All publications on direct laryngoscopy prior to his work were by surgeons.
He designed a battery-powered laryngoscope, solely dedicated for tracheal intubation. The 'speculum' Janeway designed incorporated a distal light source with battery power within the laryngoscope handle itself. This handleinclusive battery power was the first of its kind. Additional features included a shortened distal end of the speculum that eliminated the need for a telescope to adequately view the larynx. It also incorporated a central notch for maintaining the catheter in the midline during placement and a curve to the distal end of the blade to help direct the catheter through the vocal cords. However, it appears that Janeway's laryngoscope never gained widespread popularity 2,4,31 .
Magill, Rowbotham, Miller and Macintosh
Following World War I, endotracheal anaesthesia became increasingly prevalent 4 . Two British anaesthetists, Sir Ivan Whiteside Magill (1888 Magill ( -1986 and Edgar Stanley Rowbotham (1890 Rowbotham ( -1979 , realised that reconstructive facial surgery performed on disfigured soldiers was easier and more successful under general anaesthesia with the airway secured by an endotracheal tube 2 . From 1920, they described various methods to provide safe general endotracheal anaesthesia during facial surgery 4, [32] [33] [34] . In 1926, Sir Magill designed his original U-shaped laryngoscope, which was a modified version of a laryngoscope designed by Hill in 1910 ('Hill's laryngoscope'), which itself was also a modified version of Jackson's laryngoscope. Magill put batteries in the handle and later modified this laryngoscope to be a 'folding' type 32, 35, 36 . The famous 'Magill forceps' were based on Rowbotham's 'rod', used to place an intratracheal catheter during insufflation anaesthesia. However, the question still remains as to why Rowbotham has not received the accolades awarded to Magill, when Magill adapted many of Rowbotham's ideas and observations (at least, in the opinion of one of the authors) 37 40, 41 and intubation, but also designed a rigid bladed laryngoscope called the 'Lundy scope' which incorporated its own light source powered by a dry-cell battery 4 .
There was a plethora of laryngoscope blade designs being developed at this time. Robert Arden Miller, practising at San Antonio, Texas, described his 'straight' laryngoscope blade (the so-called 'Miller blade') in Anesthesiology in 1941 42 . Although the Miller blade is regarded as a straight blade, it has a small curve 5 cm from its tip 4 . The blade was designed to directly lift the epiglottis. Anaesthetists and ear, nose and throat surgeons are still using this blade today 43, 44 .
Robert Reynolds Macintosh, later Professor Sir R. R. Macintosh (1897 Macintosh ( -1989 , believed that the hallmark of a successful anaesthetist was "the ability to pass an endotracheal tube under direct vision" 45 . Prior to 1943, poor straight-blade techniques hindered the development of laryngoscopy. The majority of anaesthetists struggled to expose the vocal cords of an unparalysed patient, prompting Macintosh to comment that intubation required a "tour de force" 46 . The most popular method of direct laryngoscopy involved the midline approach, passing a straight-blade laryngoscope beyond the epiglottis "in order to evert it", even though Magill had clearly described the technique of paraglossal straight-blade laryngoscopy 5, 47 . Macintosh disagreed with the midline approach stating that this made "…the tongue bulge over the blade and obscure the view" 5,48 .
Macintosh was not the first to design a curved blade or to comment that the blade's tip needed not be passed beyond the epiglottis or indeed directly lift it (in 1941, J. U. Human advised that the "laryngoscope should be passed only until the epiglottis comes into view..." and that, by lifting the tongue, the blade would also lift the epiglottis from the posterior laryngeal wall) 49 . Macintosh, however, was the first to suggest routinely placing the blade's tip in the vallecula and then indirectly lifting the epiglottis 5,50 . Macintosh did not consider the shape or curve of the blade of primary importance, but it may often avoid trauma to the patient's upper teeth 51 .
Recent developments
Many variations of the curved-blade laryngoscopes have been described, most without data about their efficacy. For example, McCoy introduced a Macintosh-type laryngoscope with a hinged tip that flexes when a lever on the handle is depressed 44 .
Laryngoscopy has improved with the development of flexible fibreoptic cables, enabling a much better visualisation and illumination of the larynx for both direct and indirect laryngoscopy. The development of fibrescopes was first undertaken for medical purposes during the late 1950s 1 . In 1968, Kensuke Ikeda of Japan introduced flexible fiberoptic bronchoscopy into medical practice following the first successful fiberoptic intubation reported by Calder in 1967 2, 52 .
In recent years, the development of a variety of indirect video-assisted laryngoscopes (videolaryngoscopes) has brought us back to a modern way of indirect laryngoscopy. For almost 90 years since Magill designed his laryngoscope and more than 70 years from the introduction of Miller's and Macintosh's straight and curved laryngoscopy blades, laryngoscopy essentially remained unchanged until the introduction in the 1990s of rigid fibreoptic endoscopy (Bullard scope 53 , Wu scope 54 , UpsherScope 55 ) and videolaryngoscopy in the 2000s.
In 1998, Weiss 13 modified direct laryngoscopy by incorporating a fibreoptic bundle into the Macintosh blade. A Canadian surgeon, John Pacey, embedded a miniature video chip to a curved non-Macintosh blade [56] [57] [58] , while Berci and Kaplan added the specific DCI Camera Head, with distal light and image fibres (providing optimal illumination and image acquisition) to a standard Macintosh blade 59, 60 .
From 2000 onwards, there has been a plethora of different indirect videolaryngoscopes developed. The videolaryngoscopes currently available can be roughly divided into two groups: channelled and non-channelled. The non-channelled devices can be divided in angulated and non-angulated (Table 1 ). There are many differences in the videolaryngoscopes currently available, such as the level of evidence supporting their use and the method of insertion (along the floor of the mouth, displacing the tongue to the left ['Macintosh-like'], or over the centre of the tongue with no tongue displacement). Videolaryngoscopes also differ in the method of display of the laryngeal view -some have an integrated camera that records images and displays them via a fibreoptic bundle attached video screen, while others use an external video camera that is connected to the scope and an external video screen 61 .
Videolaryngoscopes that are placed over the centre of the tongue and have an acute curvature (60°), like the GlideScope® (Verathon Inc., Bothell, WA, USA), don't allow a direct view of the larynx and a rigid, curved stylet is needed for intubation most of the time. Anaesthetists should be aware that the use of a rigid stylet might increase the risk of trauma to the palatal arch and other structures 62, 63 .
One of the advantages of videolaryngoscopy over direct laryngoscopy is the position of the camera eye within a few centimetres from the glottis, whereby alignment of the oral, pharyngeal and laryngeal axes is not necessary as in direct laryngoscopy 64 . The advantages and disadvantages of videolaryngoscopes are listed in Table 2 . However, these cited advantages and disadvantages are not applicable to all videolaryngoscopes.
Conclusion
After more than 2000 years of development and medical advancement, we can conclude that airway management is still evolving. For many centuries, wise men struggled to achieve a direct view of the glottis. In the 21st century, it seems that we are, in some ways, back to where it all started. Indeed, there are many published studies concerning different indirect videolaryngoscopes. However, the debate on which one is best isn't over yet. Many studies lack substantial data showing that certain videolaryngoscopes are easier to use and offer a better view when compared to the 'gold-standard' Macintoshbladed laryngoscope. In their editorial, Frerk and Lee plea for the practice of laryngoscopy to be evidence-based and suggest an organised system of evaluation and research be developed before a new device is introduced into clinical practice, similar to that for new drugs 68 . In the future, patient (anatomy, pathology) and operator (skills, circumstances) may be important factors in choosing a particular videolaryngoscope for laryngoscopy and intubation.
In airway management, obtaining the best possible view is probably the most important factor. After centuries of development and a multitude of efforts, we believe the end of the journey to find the best possible view is not yet in sight. Table 2 The advantages and disadvantages of videolaryngoscopy [65] [66] [67] Advantages Disadvantages
Precise visual control No correlation between laryngeal view and intubation difficulty

Confirmation of endotracheal intubation
Fogging of lens-defogging solution or a warm-up time may be needed 
